Background: Alopecia areata (AA) is a disease characterized by focally, nonscarring hair loss on the scalp or any hair-bearing surface. The etiology is unknown, although the evidence suggests that AA is an immunologically mediated disease. In the pathogenesis of AA, Th1 immune response is predominant. A special cytokine profile is created by Th1 cells, which disturbs the natural balance of the cytokine networks and leads to inflammatory reaction and follicle damage. Objective: The aim of our study was to evaluate serum concentrations of IL-2 in patients with AA and healthy subjects. We also examined a possible association between serum levels of IL-2, disease severity, and duration of AA. Methods: Sixty patients with AA and 20 healthy controls were enrolled in the study. Serum concentrations of IL-2 were measured using enzyme-linked immunoassay techniques. Results: Comparison of mean values of IL-2 has showed that serum concentrations of this cytokine are significantly higher in serum samples of AA patients in relation to the control group (22.2 ± 1.19 vs. 21.1 ± 2.68 pg/mL, respectively; p = 0.0142). No correlations were found between clinical type, duration of the disease, and serum levels of IL-2. Conclusion: Our findings support the evidence that elevation of serum IL-2 is associated with AA. The exact role of serum IL-2 in AA should be additionally investigated in future studies.
Introduction
Alopecia areata (AA) is a heterogeneous disease characterized by nonscarring hair loss on the scalp or other parts of the body. It affects 1-2% of the population of both genders and occurs in all age groups [1] . A wide range of clinical presentation can occur -from a single patch of hair loss (alopecia unilocularis, AUl), multiple patches (alopecia multilocularis, AM), to complete loss of hair on the scalp (alopecia totalis, AT) or the entire body (alopecia universalis, AU). AA is a systemic disease because, in addition to hair follicles, it can also affect the nails and the eyes.
Although, the etiopathogenesis of the disease is not clear, several studies have shown that within the cascade of the pathogenesis of AA, the cytokines play a crucial role. It is also considered that a disequilibrium in the production of cytokines, with a relative excess of proinflammatory versus anti-inflammatory cytokines, may be involved in the persistence of AA lesions [2] [3] [4] . Hair loss may occur because proinflammatory cytokines interfere with the hair cycle, leading to the premature arrest of hair cycling with cessation of hair growth [5] . This concept may explain typical clinical features of AA, such as a progression pattern in centrifugal waves and spontaneous hair regrowth in concentric rings, suggesting the presence of soluble mediators within affected areas of the scalp [6] . T cells cloned from the lesional scalp also produce cytokines that inhibit the proliferation of keratinocytes, which may provide an additional mechanism for interference with the anagen phase of the hair cycle [7] .
Interleukin-2 (IL-2) was discovered in 1976, as a growth factor for T lymphocytes [8] . Since that time, it has become an important mediator of immune function through its effects on the growth, development, and activity of T and B lymphocytes, natural killer cells, and lymphokine-activated killer cells [9] . Apart from its most important role in mediating antigen-specific T-lymphocyte proliferation, IL-2 modulates the expression of interferon-γ and major histocompatibility antigens. Changes in serum IL-2 levels have been found in many diseases, such as vitiligo [10] , systemic lupus erythematosus, and psoriasis [11] . In some of these diseases, serum IL-2 concentrations correlated with activity and intensity of the disease, and may be used as a prognostic factor. Because of the central role of IL-2 in immune response, IL-2 turned out to be a very important molecule for diagnostic and therapeutic implications.
Although it is well known that multiple cytokines simultaneously play a role in AA, many authors have measured only one particular cytokine. Our study has focused only on IL-2 because there are only a few studies that have measured the serum levels of this cytokine, with controversial results. Therefore, the aim of our study was to evaluate serum concentrations of IL-2 in patients with AA and healthy subjects, and also to assess a possible association between IL-2 and clinical type and duration of the disease.
Materials and Methods

Patients
The study was conducted in the Department of Dermatovenereology at the University Clinical Centre Sarajevo, Sarajevo, Bosnia and Herzegovina. All subjects gave their informed consent in accordance with the requirements of the Institutional Ethics Committee.
The study included 60 patients (36 female and 24 male, median age 35.6 years, ranging from 5 to 69 years) who contacted the Dermatovenereology Clinic with complaints of hair loss and were diagnosed with AA. Patients who had received any treatment within the previous 3 months were excluded from the study, as well as patients with any diseases based on the immune pathomechanism, which could influence serum concentrations of IL-2. According to the clinical type of AA, patients were divided into 4 groups: patients with (1) AUI, (2) AM, (3) AT, and (4) AU. According to the duration of disease, the patients were divided into 3 groups: duration of (1) 6 months or less, (2) more than 6 months but less than 12 months, and (3) 1 year or longer. The control group consisted of 20 generally healthy people (11 female and 9 male, age range 6-63 years, median age 32.6 years).
IL-2 Measurement
Serum concentrations of IL-2 were measured by an enzymelinked immunosorbent assay (ELISA) technique, using a Quantikine Human IL-2 Immunoassay (R&D Systems, Minneapolis, MN, USA). Briefly, a monoclonal antibody specific for IL-2 is precoated onto a microplate. Standards and samples are pipetted into the wells and any IL-2 present is bound by the immobilized antibody. After washing away any unbound substances, an enzyme-linked polyclonal antibody specific for IL-2 is added to the wells. Following a wash to remove any unbound antibody-enzyme reagent, a substrate solution is added to the wells and color develops in proportion to the amount of IL-2 bound in the initial step. The color development is stopped and the intensity of the color is measured.
Statistical Analysis
The data are expressed as mean ± standard deviation. The test distribution was calculated by the Kolmogorov-Smirnov test, and comparisons were performed by the Mann-Whitney U test. The data were considered statistically significant if p values were less than 0.05 (5%) level. Statistical analyses were performed using the SPSS software.
Results
The study group was composed of 60 patients diagnosed with AA (36 female and 24 male; mean age 35.6 years, range 5-69 years) and 20 healthy controls (11 female and 9 male; mean age 32.6 years, range 6-63 years). There were no significant differences in age and female/ male ratio between the patients and controls (p > 0.05). The mean duration of AA was 14.5 ± 25.4 months (range 1-119). In the total of 60 patients with AA, there were 13 (21.6%) patients with AUI, 33 (55%) with AM, 7 (11.7%) with AT, and 7 (11.7%) with AU.
In our study, the mean serum IL-2 level in AA patients was 22.2 ± 1.19 pg/mL (range 19.5-26.0), with 5% of variation. Figure 1 shows the individual values of IL-2 in both the AA and control groups.
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According to clinical type AUl, AM, AT, and AU, the mean serum IL-2 ranged from 22.00 to 22.5 pg/mL (22.4, 22.00, 22.5, and 22.00 pg/mL, respectively), with variation of K v = 7, 5, 1, and 3%. The highest IL-2 concentrations were observed in patients with AT. Patients with longer duration of the disease had a higher concentration of IL-2, but not significantly (p > 0.05).
In order to prove the correlation, the Pearson coefficient of correlation was calculated. This resulted in r = -0.252. As the investigated variables were not distributed by normal distribution, it was necessary to measure Spearman's rank correlation coefficient ρ (rho) for hypothesis testing, resulting in ρ = -0.3313 (95% CI -0.0844; 0.5398). Regarding the results of the confidence intervals, with p = 0.010, we concluded that the correlation between duration of disease and concentration of IL-2 is not significant. Among controls, IL-2 mean was measured to be 21.1 ± 2.68 pg/mL (range 10.6-23.8), with 13% of variation.
Statistical analysis showed significant differences in IL-2 values between patients with AA and healthy controls (U = 380, z = 2.451, p = 0.0142). Comparison among the 4 groups (according to the clinical type of AA) did not show any statistically significant differences (p > 0.05) ( Table 1) .
Discussion
Although the pathogenesis of AA is still poorly understood, a perifollicular, peribulbar, and perivascular accumulation of T lymphocytes provides the evidence that an immune process is involved, interfering with the hair cycle and leading to areversible hair loss. Recent progress in the understanding of AA has shown that the regulation of local and systemic cytokines plays an important role in its pathogenesis [12, 13] . The immune response presented in AA is associated with aberrant lesional expression of interferon-γ, IL-2, and IL-1β, and overexpression of ICAM-1 and major histocompatibility complex molecules on hair follicle keratinocytes and dermal papilla cells [14] . Several clinical and experimental findings point towards IL-2 as a crucial mediator inducing immunologic reaction against human follicle in AA [15, 16] . By using semiquantitative reverse transcription-polymerase chain reaction with RNA extracted from scalp biopsies from patients with AA, Hoffmann et al. [17] reported that IL-2 mRNA levels were increased in untreated AT.
In addition, increased IL-2 serum levels in patients with AA compared with normal controls have been reported, further suggesting a role for this cytokine. In the study of Teraki et al. [18] , the researchers compared the serum levels of cytokines, including IL-1α, IFN-γ, IL-2, and IL-4, in patients with the localized and extensive form of AA, and found that the serum levels of IL-1α and IL-4 were significantly elevated in patients with the localized form. In contrast, the serum levels of IFN-γ and IL-2 were significantly elevated in patients with the extensive form. The researchers stated that these findings could be interpreted as an indication that Th1-type cytokines might be critical for progression to the extensive form and that Th2-type cytokines may exert a more subtle influence of a cell-mediated attack on hair follicles. Barahmani et al. [19] analyzed the serum cytokine profiles in 269 patients with AA and found that increased IL-2 levels were associated with AA regardless of the disease severity. Their study suggests that there is a Th1 response early in the disease, as patients with transient AA had higher serum IL-2 levels than patients with longer duration of the disease.
The results presented in our study demonstrated that the mean serum levels of IL-2 were significantly elevated in AA patients, in comparison with healthy subjects.
There was no significant difference in IL-2 levels between the patients with localized and extensive forms. Patients with longer disease duration had a higher concentration of IL-2, but not significantly. Our findings are similar to the study by Tembhre and Sharma [20] , who also recorded a significant increase in IL-2 serum in patients with AA, and IL-2 levels were positively correlated with the total disease duration and number of patches on the scalp. The abovementioned researchers concluded that the increased levels of serum IL-2 suggested altered T-helper cell function. To the contrary, in a study carried out in Russia, a significant lowering of IL-2 was noted in patients with severe AA [21] . The authors hypothesized that lowering of IL-2 in patients with severe forms of AA may be an indirect confirmation of the participation of autoimmunity mechanism in the pathogenesis of these forms of AA and implies an increase of disbalance in immunoregulatory cells.
In conclusion, our findings that the serum levels of IL-2 were significantly elevated in patients with AA indicate that IL-2 may play a role in the pathogenesis of AA. In this study we assume that the elevated serum levels of IL-2 may reflect the inflammatory symptoms in AA, and that control of IL-2 production may be important to the management of this disease. This research could contribute to the interpretation of the insufficiently well-known views of the role and significance of IL-2 in the pathogenesis of AA.
